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FOOTNOTES

Abbreviations used:

*Present address:

Bovine Serum Albumin, FBS, Fetal Bovine Serum.

University of California, Berkeley, CA.

LAMP, Lysosome Associatad Membrane Protein; SNS-PAGE .,
sodium dodecyl sulfate-polyacrylamide gel electrophoresis: P8S, phosphite

buffered saline; HBSS, Hank's Buffered Salt Solution: NP-40, MNonidet-Pan:
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ABSTRACT

~Several properties of the lysosomal membrane qlycoproteins LAMP-1 and
LAMP-2 have been analyzed. Each molecule was stronaly associated with
lysosome membranes and was extracted only in the oresence of detergent.
Studies of the biosynthesis and processina of tha glvcoproteins showed that

each contained a polypeptide core of approximatelv 43,000 daltons as

identified by use of tunicamycin and endnnlvcosidases H., MNascent glycoproteins
pulse-labeled for 5 min with [SSSlnethionine were aporoximately 92,000
daltons. These precursor molecules were processed in 30 min to highly
heterogenous mature alycoprotein-. of anoroximately 119,000 daltons (LAMP-1)

and 105,000 daltons (LAMP-2). Concomitani witn the increase in apparent
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mwlecular weignt Lie molecules becane endoaivcosidasa H resistant and acquired

i
=
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sialic acid residues, indicating that they were converted tg comnpiex-type

2

oligosaccharides. The final maturation or tne glvcoproteins was blocked by o

s

. . : . o . . . . o
monensin. Immunohistochemical analysis of tissuss from 8aib/c and Beige/J N
mice showed that tne molecules were present on many types of cells, consictant Y
A
. 4 ~ - . . " W

with their presence in lysosomes. The patterns of tissue expression of LAMP-1 woe
o

and LAMP-2 in the two mouse strains were the same except that the intensity of

staining of LAMP-2 was less than that of LAMP-1. LAP-2, but not LAMP-1, gave
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a decreased immunofluorescent staining intensity in transformed HallH as
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compared to NIH/3T3 cells. The marked similarities between the LA

Ly

4P proteins
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raise the considaration of comnon functions, possibly associated with the high
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oligosaccharide content of the molecules.
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INTRODUCTION

Lysosomes have a central role in caltlular homrostasis as sites for
digestion of foreign materials and for deqradation of intracallular components
undergoing autolytic processing (de Duve, 1983). Recently, several reports
have described glycoproteins associated with lysosomal membranes. These
molecules are of interest for their possible role 1n the biogenesis of
lysosomes or in certain spacialized functinns, such as fusion with other
vesicles, selective recognition and transpart of molaecules. vesicle
acidification, and resistance to lysosomal hydrolytic enzymes.

We previously identified two alvcomotoins of mouse cells spacitically
localized in the lysosomal membrane, LAMP-1 of 105,000 to 115,000 daltons and
LAMP-2 of 100,000 to 110,000 dalrons (Chen et al.. Lusvar Chen ot 31,
1985b). Electron micrescopy with ferritin bridae Tabeling showed that both
were localized just beneath the Timiting lysosomal membrane or larae "dense
body" 1lysosomes and smaller multivesicular lysosomes. LAMP-1 ana LAMP-2
appeared to be different polypeptides as indicated by tryptic peptide mapping,

sequential immunoprecipitation (Chen et al., 194500, and d-terminal amino acid

N

sequence analysis (Chen, unpubiished). Additional studies of LAMP-1 suggested
that the molecule contained a large nuwber of N-linked oligosaccharides as the
glycoprotein pulse-labeled with [355]m3thionine and treated with
endoglycosidase H yieldad a core polypeptide of 45,000-daltons (Chen et al.,
1985b).

LAMP-1 and LAMP-2 were compared with other recently described lysosomal
membr ane glycoproteins. Reggio et al., (1934) and Tcugard et al., (1985)
identified a protein of about 100,000 daltons present bhoth in lysosomes and
prelysosomal acidi~ vesicles. Polyclonal antibodies against this protein
reacted with a gastric mucosal HY A TPase and it was suqqested that the

protein may be a component of the proton punp involved in vesicle

acidification. Lewis et al., (1935) deseribed glycoproteins of 120,000,
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100,000, and 80,000 daltons locatad in lysosome membranes. Tha 120

"J"
55

component was found to contain a 42,0u0-dalton polwvpaotide core and 1t loast

-':.C.'- N A A
PP

18 N-1inked oligosaccharides rich in sialic acid. In addition,

\Y

Lippincott-Schwartz and Fambrough (personal cornunication) have identifiad a
alvcoprotein of approximately 100,000 daltons in chick embrvn fibroblasts that

yielded a core polypeptide of 48,000 daltons; this molecule was locatod

'R B

predominantly in lysosomal membranes with smaller fractions nresent in

CoN
e
endosomes, the Golgi apparatus and the nlasma memdrane. -}:f
oA
In this report we describe the further characterization of LAMP-1 and i

LAMP-2, The molecules were very similar in thoir Hins nthasis g cenracaing

] B

in vivo and both contained a larae numper of M-lirked, hicniy siziians

——

oligosaccharide chains. The similarity in oliascsaccnariae compositinn of
these glycoproteins and those descrivea by Lewis gt al. (1935) :ng
Lippincoti-Schwartz and Fambrouqn (1935) raise the possibility or conmon

functions that could be related to the biogenesis or function ofr lysosomes.

o e
% " 4 Cral ]

s
e

03

1 Ny

a4 A Y
YO )
P Al

i
o,
M

e
VU

R
U

b e
> A,

»
b

e e
P A
¥¥VV4.
L L

?
X

"R

W)

SN OOLGUCOC AU VRt AN, CRESERALAR L CHER LS LB LSRN



Vo

o

B BT IS SN
NIRUCL L PRt S S G O L N P I )

A T T T R T T T AT T

o
...'~
; =
’ ~
MATERTALS AND METENDS v
™
N
Antibodies -
Monoclonal antibedy anti-LAMP-1_ 146231, was derived fren spisen cells of 4 ;:#:
~oat
r
. . . . . . >
rat immunized with a membrane fractisn of monse omb. vo 313 cells (Huahes and :

2

._.
s

August, 198l1). Manoclonal antiboady anti-LAMP-?. [1Gla, was darived from

-

spleen cells of a rat immunizad with 1 1ontil loesin qomibrane frestion of

Balb/c 373 cells (Chen =t al,. 19351).

— -

Crlls

NIH 3T3 cells (Jainchill et 1.0 L32%) wore ontained rrom Dr. Don Blair of

the Frederick Cancer Institute. MDD na were used at passage 4. HaNIH colls

{Scolnick and Parks, 1974) and P3301 (shevacn of al., 19/2) were aptainng s

)

previously described (Huahes ang Avaust, 1981) and maintained as descrined

(Chen et al., 1985b).

HEN
[

Biosynthetic labaling of Cel

3

HaNIH cells grown to S0-% percent coniiuence in /5 ™ or 1u) cn
flasks were washed with warm Hank's Buffered Salt Solution ({8SS) (Gibco,
Chicago Falls, Ohio), and culturvd with o mls of methionine-rroe iedia (Gibeo)

for 2 h at 37°C. The cells were then pulse-labeled with 6 wls of taboling

. i aye . 35 L e
media [methionine-free media supplemented with 125 uwCi/ml of [775]wethionine e
- p_' -
’
. . . . - . .
(Amershan, Arlington Heights, IL)] for 5 min or as indicated in the text, A
l-._‘-,.-
. . N . . IASAS
Cells were then washed two times with warm H35S and collected imradiately or Rty

incubated with Dulbecco's minimal essential madium containing 10 percent fetal
bovine serum for the times indicated in the text. The inhibitors tunicamycin

or monesin, when present as indicated in the text | were added with each of the
mdia. Cells to be harvested were wasned three times with PBS at 4°C, removed

fron the plate by scraping, and collected by centrifugation.
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Cell Extraction and Protein Immunoprecinitation

Metabolically labeled cells were axtractad with 2 lvsis burfar C10 mM
Tris-HCL, pH 7.5, 0.5 percent Nonidet-P4) (:P-20, Particle Data Inc.,
Elmhurst, IL), 5 m4 EDTA, 1 mM phenylmathylsulfanvl fluarida, and 0.15 ¥ NaCl
(Hughes and August, 1982)]. After 30 min on ica. tha lvsate was freeze-thawed
three times, and the detergent-insoluble mitarial was remaved by
centrifugatisn at 100,000 x g for 60 min 1t 277, Tna saluhle axtract
containing 1—5X106 acid precipitable dom was incunaited witnh 200 1
monoclonal antibody from tissue culture supernataonts for 1 h at 4°C followed
by addition of a titered amount 9f @22t anti-r3t s2c714 antinedy and
incubaticn on ice for 5 h., he antibogv-intiaen conniexes were washea twice
with 20 mM Tris-dCL. pH 7.6 containing 2.5 M XC.. 00 mi HaCl, 1 md EDTA, 0.5

percent NP-40, and once with <0 rnd Tris nCl, o1 7. in=2 pracinpitates were

S

analyzed by SDS-PAGE under reducing concitions {(Laemnii, 19/0} followed by
fluorography (Bonner and Laskey, 1¥/4), uni=ss oatherwise inaicatea. Molecular
weight standards were: myosin, Mr 2J).000% 2-aalactosidase, Mr 115,000,
phosphorylase B, r 97,2007 835A, Mir 03,0001 NA polymerase sabunit, Mr 43,000;

~

and chymotrypsin, Mr 23,350.

Light Microscopic Immunonistochamisiry

Light microscopic immunonistoch=nistiry was parformed as cascribed
(McMillan et al., 1931). Tissues cbtained frem Balb/c (Charles River) or
Beige-J {Jackson Laboratory, Bar Harbor, MA) mice, were frozen in liquid
nitrogen in OCT mounting compound (Lab-Tek Products Divisicn, Miles
Laboratories, Inc., Naperville, IL) on brass chucks. Four um frozen sections
were applied to room-temperature slides pracoated with 0.5 percent (w/v)
gelatin and 0.05 percent (w/v) chromium potassium sulphate (Fischer

Scientific, Pittsburgh, PA). The specimens were immediately fixed in cold

acetone for 10 sec, air dried and refrigerated until use. Immediately before
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staining, sections wera fixed in cold acetone for 3 min. air drizd, rinsed in

phosphate buffered saline (P3S) for 10 min, and orocessed as fllous: 1)
incubated in 0.3 percent HZOZ in methanol for 10 min at recom temserature

and rinsed for 10 min in P8S: (2) incubated with 100 =1 or a 1:20 dilution of
normal human serum (type AB+) in diluent buffar (P3S) containing 3 percent
normal human serum for 20 min at room temperaturs in a humid chamber and then

rinsed in PBS for 5 min: (3) incubated overnicht at 47 C with 100 ul cof 4

[S3]

1:10 dilution of either a-LAMP-1, a-LAMP-2, 3D227 or P3x53Aa3 hybridoma
supernatant and washed twice in PBS for 10 min: (4) treated with 100 u1 of
horseradish peroxidase conjuaated aoat InG anti-rat [aG (Kirxegaard and Perry
Laboratories, Gaithersburag, MD), 10 ul/ml in diluent purter, for 30 min at
room temperature and wasned twice for 10 min with P3S;: (5) covarad with P3S
containing 0.8 ug/ml 3-3'-diaminodenzidine tetranvarocnlioride and 0.03 percent
HZOZ for 4 to 5 min, washed with Hzo, counterstained witn Maver's

hematoxylin for 30 sec, dehydrated, cleared in xylene, and mounted in Permount

(Fischer Scientific).
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RESULTS

Anoniphilic Proverties of the Glvennrntains

n

The association of LAMP-1 and LAMP.2 4ith lysoscmal memrnr o2t wiy anmgarad
by use of a variety of detergents and rchintrenic iaants oy oer=oans b
glycopraoteins into a soluble fracticn., s degaribad S 50~ 10 aiigunts af
cells were incubated with the varigus overas=is) roa-anses n nan=eidmad a-
100,000 x g. Tha supernatants were ra<iinsg a0t fpo »nilocog seteysiag By
lysis buffer containing 0.5 percent Nonidat P-30, Gilveooroeioing in thin

supernatant {"supernatant") and exiricnst nclinn sttt e g aey

then immunoprecipitated and analvzog oy S)5-russ (5i s

o,

LAYP-1 and LAMP-2 were eacn 2xtricind CNLv o3l tno oragancs os caraeoant

=@

Triton X-100 or MNonidet P-<40. Thne aivioorotains nonn ramyinag o mna o e
C::-u‘(
pellet wnen cells were extracteg witn 21wnar 1o 0 (i0 2o ™ timaiins ool }{f
“-;\
1.0 M urea, or 5 m4 EDTA. These rasuins iicitod L0 Somn A=l g LAY -4 S
e
had properties of ampniphilic moicc iios «iid Wy 0 /0rsnn 0is saaniilion ;::24
'.f,\::'\.‘
with 1ysosomal membranes. :i:i‘
N,
Bioswnthesis of tha Glvcooroteing ?;?$

Precursor forms of LAMP-1 and LaXP-2 and proecsssing 27 tne moiscul s were

Rt
L

- "y
,:'53.'

™ .i“

. . 1 . : PR ; Dot .. Y
examined by pulse-chase ladeling wnc iwmunapracipitition.  cizhiH colis were Ty
.~ './-:;J‘::d

g s LR PRer - y s -~ . . - § PO k -,

pulse labeled for 5 minutes with T7PSTmetnionine and then incubated #itn M

N

unlabeled methionine fer different times. Immuinopracipitates obtained by use

of the anti-LAMP-1 or anti-LANMP-2 ontibosics wore analyzed by SUS-PAGZ.

LAMP-1 and LAMP-2 present in tha 5 min pulse-leheled fracticn {0 chase)

and the early chase fractions app-rares as multiple forms ranging in apparent :ﬂ{g
o

molecular weight from abost 83,000 to 92,000 (Fig. 2). These pracursor forus &hiﬁ

(At S

A

were processed to mature molecules of approximately 110,000 (LAMP-1) or ?C#b

. . e

105,000 (LAMP-2), beginning at ebont 30 minutes after pulse-labeling. There -,:5%

N,

L] \ \

N

c
consistently was reduced labeling of LAMP-2 by [333]nnthion1ne.
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Effect of Tunicamycin e
j i j ; . .. . ‘,r":r'
Asparagine-Tlinked oligosaccharidss are formed vii 1 Tinid-ling. N
L
high-mannose precursor (G1C3Man961cNAc9) which is transfarraed e
2 ®
co-translationally to nascent pepticde chains durina their fransnart 107355 O
o
membranes of the rough endoplasmic reticulum Roviswed hy ¥arniald ind L:},
oo
A
. C - . ~ . S s
Kornfeld, 1985). Tunicamycin inhibits the for—itien nf this linif-iirad A
precursor oligosaccharide thereby praventina ii-nlivcnsvlatinn ar araraing {#?
-",,-‘
. - . - . F'
(Tkacz and Lampen, 1975). Analvsis of tha orfrsss ~r diqioameson M1y "narstors ,}:}
f.'f-‘
- . . . . EA4
indicate the presence of N-linked oligosaccharides on the miature molecul2 and EAA
. ]
reveal the nature of the core polvpeptic? N
RSy
. . ‘ . . . a0
HaNIH cells incubated in the presence OT ULunicamvain w=reo oppse— |l -
LAY,
. 35 . . N N . . 1\*-‘.
with [77S]methionine and [AMP-1 and LAMP-2 wer> immunoprecinititen row KA
_ ‘ ‘®
detergent extracts of cellis. Holecules were present as lowd frooore S
pol ypeptides, Mr = 42,C00 for LAMP-1 (Fig. 3} anc ¥r = <4030 for wad-2 (dats :}:3
o )
not shown due to the difficulty in photograpnically raoracacing o iantly :::;
)
labeled LAMP-2). N
e
'-~‘A..
Effect of Endoalycosidase H i
NN
- L - "'
The Glc3MangGchAc2 oligosaccharides transtered to polypedridas are ?;;
. . . ‘ . ]
quickly processed by a series of enzymes present in the rougn cencoplasmc e
reticulum and Golgi apparatus, resultira in the removal of the glucss2 ind
several mannose residues. For those glycoproteins that traverse the Golgi,
this is followed by the addition of other sugars characteristic of complex
oligosaccharides. Prior to removal of the mannose residues, the
oligosaccharide is sensitive to endo-g8-N-acetylqlucosaminidase H, which acts zﬁ\
specifically on oligosaccharides that contain four or more mannose residues, *?t
APIRS
. . . N . AT
cleaving the carbohydrate chain between the two proxin:l GlclAc residues Q,}
. ,-
NN
R : . A
(Tarentino and Maley, 1979). Treatment #ith endoglycosidase H should A
therefore confirm the presence of high mannose oligosaccharidas and yield a igfy
| o
product that closely resembles the core polypeptide synthesized in the T
A
] ) v
presence of tunicamycin. K
L
.
LYAS
LN

5 Y
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HaNIH cells were pulse labeled far 5 min with 7707 mthisnina, 4Pl Lo

A
rd

and LAMP-2 were immadiately immunopracinitited from coll oxoracts, and eanuzl A
aliquots of the immunoprecipitates were treated with 2ndiqiyensidasa 4 ar :

control buffer. The enzyme had a markad 2ffact on hoth L 0.1

The pulse labeled, unprocessed glycoproteins arpeared 15 sinala 27

AR RSN

bands of approximately 43,C00 and 45,000 d2ltans for LN

respectively (Fig. 4). The untreaited. contral 2ii
precursar forms of zbeut 9,000 -d3ltons . 5 7o

2-jaheled

The effect of endoalycosidase H was also studied witn colls puis

and chased for varvina timas. Post-froncizrsonal ornqoccrey or 7oty
LAMP-2 was accompanied by an incroiga in mna annarant o lacs Ay s Inro o7 1
glycoproteins at about 39 min arter puica iiyaiinag oF one T
e
\ 1 iz ! F 1 o Fn--an Y L C b IS T ey - ) A
polypeptidas, as seen in ria. 2. Tnase cnone Cinoae iTiron s
'l
. \.,.‘\
removal of mannose resicues from tne nian mannoss core and T R WP fg:

)

<

N-acetylglucosamine, galactose, fucos» ang 31313l 010 rov el an e itaris o T
e
of complex oligosaccharides, and poosiney in2 ciditiun o 3j\.
R
oligosaccharides. Support for this muzt woh oroviir Ly e bﬁn
<l
encdoglycosidase H on sannles Immunour2cipitil b st Ji7ierenn Lt Stle :}3.

ulse-chase labeling. The pracursor g1y0op2siides ramained Sois ity /e 1) o,
p ; :
] ; : 5 05 = P |
encarglycosidase H artor 5, 12, 15, ond 20 =in of cnase dngusitien 7o laing :::}
gly , 1
.-_‘.-_:]
the 5 min pulse-labeling. D93h molec:ioes Sicie resistint £ the wnse S
between 30 and 40 winut-s ather Tad2eiing, Coroasponding Lootn2 LN wnen the
proteins shoved the zppirant increxs? in coiccgise waisgnt fron the
90.000-dal ten precurscr glyccorotains 20 the 195,700 to 110,0070-d11un mature
? A
forms (D'Souza, unpublisho1), -8
Effect of Monensin -
T ol
Further evidoence of the roin of the Zul i 2operitus in the terminal L
processing LAMP-1 and LAMP-2 was obtainsd by use »f monensin, Monensing a T
e
monovalent iongphore, markedly offocts a4 nuvbor of cukaryotic cell functions, "
\‘I\J
‘-*‘-*
\‘.l L]
.‘:\':
. s e e e
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including the post-translational modification of q)/coorataing in tha Golqi Eg'ﬁ
complex (Tartakoff and Vassalli, 1973; Strauss and Ladish, 1977: Johngan - ‘:;:;
.'-'\-'.'. .

Spear, 19383). HES
~ .. -

In the absence of monensin, LAMP-1 and LAMP-2 (aminstratad “ho evsactad Q?t:
Koot

90,000 moiecular weight form at T=0, and wers orncascsd it T-12) to the mature i

Az,
L

r

forms of 140,000 and 125,000 daltons in P383 and Hallll rolle, rospactivaly

i3

(Fig. 5). In the nresence of monensin., at concontritings 35 low ag 0.2 g, DEN

S

both LAMP-1 and LAMP-2 at T=120 were hoth nresant 35 1i7racs 20075 o 1900s ::3:'

RN

85,000 daltons. The same number of acid-pracinitable counts were includaed in e
@

each immunoprecipitation reactinn, anad thors sa5 nn 3roar s (arrsics inona )

hY

5
vy

. . . 35 . ‘ .
incorporation of S—methionine even at hiansr gioes or »anangin, Saae5tina

55

that there was no significent @r7oct OF tna Crig N “no raie Ar 53y Inesis or L{bﬁ
- v.'

metabolic degradation of these antiaens. ihe ovnarazeny reneated wiin ol NS
NG

cells gave similar results. ﬁ

In Vivo Expression of LAMP-1 and LAWP-J .
The in vivo expression of LAMP-1 and LAP-2 was cxanied oy o1 m .o

micrascopic immunonistochemistry or Lissues from 2uidic ol Do -o minoo E:
(Figure 6). Beige-J mice have an innerited cefect in Tysosomal function E\
leading to a Chediak-Higashi-Tike syncdrome (Chi et 1., 13720 Frankel ot al., f?f;
1978). These mice were examninad to ascertain whethor or not tnore wore any ,éiz;a
ST
gross alterations in tissue expression of LAMP-1 or LAMP-2 accompanying the &“E:
o

Beige phenotype which is characterized by granulation anomaties of leukocytes

and gigantism of cytoplasmic orgmelles (Witkeop =t 1., 1933). LAMP-1 and
LAMP-2 displayed essentially identical tissue staining patterns in the tuwo
mouse strains. Increased staining orf LAMP-1 as compared to LAMP-2 was
consistently observed. This was in accord with evidence that LAMP-1 15 more
abundant than LAMP-2. Both antigons wers notably found in macrophages and

epithelial cells. Staining was predominantly intraceilular. At the lignt

microscopic level we were not able to resolve any differences in cytoplasmic
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distribution of LA4P-1 or LAMP-2 in Balb/c 235 crmnornd =5 7o - e, T

= ‘ LT

a by
P4
i

;Q

i
P

P

control immunoglooulins in these expariments .ars e 50777 cpeanisag)

'-‘»,

antibody, IgG2a, wnich reacts with a D0l yror i rranmin e vn aneagent G

A2

7 .r

Balb/c mice (Hughes and Auqust, 1931) and 23/770+3 @vointae = 20 1505 oY,
—_—— o

Ly
. . > . . . . . -~
Both gave minimal nonspecific antibady bindin~, =

A orinciple site of expression of LiMP-1 -~ P07 5 fn ansthalin)
cells, Staining was granular and cytonlagmis, 1o woos coos o sarenal ity
staining was oolarizad with regnoct tn tha -7 o~
intracallular staining was observed in the viable anith=iinm af tha ong o
surfaca, apical cvtnnlasm of enithelial calla 5 Fnrmermt ot e e

(Figura OF), hasal cytoplasm of cells lining mronsnd sl vevmmngs om0 on

effarent ductulil of tne enididimis, Hignev ronaies 2vnoayesr 0o

-."l -
concentration of thasa anticons, wnNiin 0000 )] wera Naminiya =1 a o e o "
n .'(R,
Pancreatic acinar cells were pasitive 10 1 707310 i SvisDiicm s 3ittirn, an o \g

Pl

K

tha jslets of Langsrnans wers intenselv stasnat rFiouro Lo . Joiinot an

. . B - Ve -{’

hepatocytes was concantratad 1n a atanucicir ~ettern, MoTomniies In o tos e ;z::

. . - ‘ , . T

organs, including tne Tung {(Figure onr, < TTive: Lins e, 5000 2s 1 0 NN
‘ ~

)

DN

nodes, stained intansely. Lympnocylsas were ot Soiin Dy 21000r aniiuoly.

¥
™
by

to

o

The antigens were also diffuseiy located thrcugnout most o7 th2 gray and wnii2 ﬁ:::j
-‘:-'tl

matter of the brain, with a slicght increase or staining in cerzoellar Purkinis :u:v
/-::r:

cells as compared to tho granuiz coii and maiscu o0 layers.  Gihier ragions of pEhEY

the nervoys system were not stainzu.  5Staining w35 adsent in surarsl 4issuss,

2
including smooth, cardiac and s<eiz2tal muscie, s catiigen aithoush thare was

o>

minor staining in the dlood vessel wal

’c"’

- -~ TN :‘- L]

Expression of LAMP-1 and LAMP-2 in Tronsirorosq a7 0 o
K

There have been reports that lysoscoes and lysoscmal intoarity miy bo e

I

3 7 1 154 { T~ a0 . . :'-‘-“

involved in cell transformiticn (Zaj:c-Haye and To'o, 1934). For this reason -

\ 4
e

we have compared the expression of LAMP-1 and LAMP-2 in NI 2T3 wngse embryo
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The immunofluorescence localizatien

of the antigen was ha 1w in hoth

types of 11, wi i i ini
Y cell, with a vesicular Perinuci2ar staining nattarn connistent with

1 ; :
that of the lysosomal localization of these antiqens /Chen et 1) 1955, a,p)
b d — b |

(Fig. 7). However. while the pattern of distributinn of 'awp_1

indistinguishable between the two cell tyoes, the intensity of staining of

LAMP-2 was greater in NIH as compared to HaillH.  This diffarence betwean the

o ea . . . . -
two cell types was not detected in the intensity nf staining of LAMP-1
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In this study we have compared sama af tha geensrnineg of 29200 qy

LAMP-2, two glycaproteins spacifically Yoclizad fn dwsaiy 1) mamiorsneg and
absent at the plasmy membrane or in ondycytatic vasinles,  Tho mniacilag were
markedly similar in many of their pronertiss  nirticilar!ly in oiisstaccharida
structure, and in cell and tissue ovaressinn., As ~rovingsly dageoribhad, the

membrane distributinons of the molacules nalusad Hy slocsrsg micrinnny weras

-

e}
n
”

idantical (Chen ot a1,  1835a). (AMP- S1iar catnanant nf Sne rembrane;

it constituted 0.1 percent of total deteragent extracted caoll protein ana, when
3 -

iabeled with [7H 11lucosamine, the immunanraciniratan alycsnrntain czountod

for about 15 percent of the total acid-insolunic riginsictivity rractionatea by

two-dimensional asl electronneresis (Huanes ma Agaust, L0 . The

concentraticn of LAMP-2 has not peen detorminadg ot the antiaenic rolctivity

of the molecule and the incorporation or suair sunsirates were comdaranle o

: that found with LAMP-1. Biosynthetic itaneling of LAHP2-2 witn

S]methionine was marxedly less than that orf LANP-1, bhut wnis coull e

) attributed either to the concentration OfF the nrotein, methion:ine contean, or
l rate of synthesis. Glycoproteins witiv similar properiies were coscrioed by
Burnside and Schneider {1932) as major conponents of 1ysnsoinal menoranes and
by Kato et al. (1934) as constituting 5 parcont ot the total prot2in and 10

T

e tissus expression of the

percent of the membrane protein or tritosomes,

molecules in the mouse. including the B2ige-J mus» genetically deticient in Al
'I\-

. . )

1ysosoma1 funciion, also (]DDQEY‘L’(] to be 1dontical, Both nrateins were present \__:.
in cells knoan to contain high concentrations of lysoscmwes. In adlition, e

.

R
“n

- .-:
~ »

.

.

)

intense staining of pancreitic islet cells el a groanarar patiern of staining

«

27
“r
5&21‘

in acinar cells suajested that both glycoprataing were also components of

»_ v
’&I-’

secretory and storage granules. Possible evidence for indopendent oxprossion

.jo

) of LAMP-1 and AMP-2 was obtained in comparing the tmmunahis tochemy ol

staining of the protein in different cell Tines. In repeated experiments the
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intensity of immunofluorescent labelina of LAMP-2 in Harvey sarcnma virus o
transformed NIH 3T3 cells was reduced as comnared to the untransformed reils, }é?f
oo
whereas there was no difference in LAMP-1 exnression batween the tuo cells, ';f
. . . . . G
Distinctive features of LAMP-1 and LAMP-2 were the hiah concentrations of o
: o
. . . ) . s
oligosaccharides. A model suagested by the data is that the alycoproteins Ry
.
contain a large number of asparagine-linked hiah minnose oliansaccharidas A
. . . w"
added cotranstationally and then processnd to chiin seauances found in N
1
',
A
. . . . , . L N
complex-type oligosaccharides. Studies with tunicamvcin, which blocks :w:
”
e
- . - . . 0 s ’- -
assembly of the lipid-linked oligosaccharide precursor., indicated that the hE
®
core polypentides of LAMP-1 and LAMP.2 were syntnesizeg as miecuies af 42,000 5;;
; L
N
- i . N | ’ v
and 44 _000 daltons, respectively. These resuits were sudstanuiitad by the a:}.
)
o
. ) L. . . 8
effect of endoglycosidase H, which acts speciricaliv an nian mnnnse )
o
. - . L . . ':‘ _
oligosaccharides. The approximately 92,000 {aitcn precursor aiveonrot2ing T
3 5 '-"::J'
pulse-labeled with [“"S]methionine for 5 min aua 1550 1t2g oy o~
._"‘-
. .. . . . r ™
immunoprecipitation were converted by the enzvix o poivozpiide ©omas, a7 B
43,000 and 45,000 daltons for LAMP-1 nd LANP-J, resooctiveed o T vosa s, e
lpe
also indicate that the multiple bands of the precursor iV, orieins Tound oy ;u:‘
e
SDS-PAGE analysis of the unprocesscd, pulse-iabeied samoies Can 22 wilridutag AR

to heterogeneity in the asparagine linked nigh mannose core oliassaccnaridas ;5*
Ny
o, 3
: of these glycoproteins. The core polypeptidas obtained arilor treztment with O,
| o
- . . - PO by A B A NS ey
tunicamycin or endoglycosidase H were present as single baends.  The dirference et
e
| in apparent molecular weight between the approximately 43,C20-dalton core and '}éf
A
o
- ~ . . . Yoo fl
92,000 dalton precursor molecules would be sufficient fer as many as 20 to 5 ]
Ay
. . . . ) ".J"."
high mannose chains per polypeptide. Lewis of al. (1935) directly A

‘{{..

b 2
)

demonstrated at least 18 asparagine-linked oligosaccharidus on the Tpyldo.

N
5

s

Subsequent processing of the mannose-rich precursor to maturc mlecules of

t g
5%
o0

hi

110,000 and 105,000 for LAMP-1 and LAMP-2, respoctively, can be attrivuted to

r
;

the formation of complex-type, highly sialiated oligosaccharides. The 5 min N
AT
[353]nnthionine pulse-labeled molecules became resistant to endoqlycosidase >
LA
LA
LSS

. .
,“.
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H after about 30 min of chase incubation, corresnanding 3 tha inpeironce of
the rature qlycoproteins. Simultaneously, the mleculas Heacarwe ninnly
sjaliated, with a large number nf acidic icnalertris~ varismtg ravasiad ny
tao-dimensional gel electrophoresis, particularly with LAMP-I wnich aanniinad
more than 16 distinct fractions between oH 4.1 ond 7.0 "Chon or -7 17203
Neuraminidase eliminated these acidic forms, vieldina =slaciias with =
alkaline pH (Chen, et al., 1985b). The basis for tne npirent warmas "
molecuiar weight during terminal processina is un<ncen, n= m.oo2riss aea
markedly heterogeneous in that the apparent molecuiar weinnt o7
[3H]glucosamine—1abe1ed glvconrotain aopeared araxtor Tnan cnttooo
[355]nethionine—1abeied molecules or prorain stiined Wit vt oo
Coomassie Blue (Cher ot al., 1925a), It tnuos aoooare: n:it A DR
of the protein contained a majority of tne suaar rasicizs a7 rn s
heavily glycosylatea fraction correspondingiy aindralod 3T 03 imer punirnt
molecular weights. Tne effact was not atiributag o 5 S TN Y s
no comparable efrect of neuraminidase on mui=ZCuiar a2 - i
ronensin blockad the incrzase i apparent m3i2Cu. 37 el Lol Tl i ;
molecules of about 85,000 daltons, siigntly smziier wnui o2 :
pulse-labeled precursor of about 92,030 daitons. Ongoing stucizs Miane,
unpublished) show that monensin mar<edly recucss tne ratz of orocossing of ne
high mannose oligosaccharidas and it is spacuiatad that SCme Jrocess Cocurring
during terminal processing in the Golgi end relatzd Lo tne apparent ch a2 in
molecular weight was blocked by the drug. ror 2xampie, the roliced rat2 of
migration in SDS-PAGE electrophoresis of the low-density lipoprotain raceptor
has been related to O-linked residues (Cuwnings, =t al., 1023} and it is
possible that there is O-linked glycosylation of the LAMP proteins an the
Golgi.

These results provide evidence that the biosynthesis of both LAMP-1 and
LAMP-2 involve passage through the Golgi apparatus and processing of the
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N-lirked high mannose chains to complex-type oligosaccharida., This lixely
differs from the processing of lysosomal enzymes which do not anpear tn

traverse the Golagi system and are modified by a highly specific

mannose-6-phosphate recognition system catalyzed by enzymes helieved to reside
in the cis Golgi cisternae reviewed by Kornfeld and Kornfeld, 18985}, In
repeated attamots, we have not detected phosphorvlation of the LAMP
glycoproteins., Moreover, we recently have identifiod a molecule in human
cells that is homologous to LAMP-2 and find this glycoprotein markedly

enriched in cells derived from patients with I-cell disease (MLII) or

x

pseudo-Hurler polwdvstrophy (MLIIL) (Chen, unounlisned). These gissasas are o
2

characterized by tne absence or the mannose pnospnate recocniticn marxer on Q_Q?
o , | | Wy

lysosomal enzvmes and diminisned celiular concantritions or tne onz.ymes, :-"‘

The recently describedg lysosomal membrana alyccoroteins are similzr in

PR
'3 “ ‘11

A

several properties. One remarkadie correiatinn 1s the nianh contant or

o

<

o
el
v, G AA,

N-Tinked oligosaccharidge. Tne rat protein Ipg3:Zd of Lewis ot al., (1935)

e
chicken CV24 antigen of Lippencott-schwartz ond ramorcagt, and LwiP-1 and ::_:
LAMP-2 all contain polypeptide cores of 40,000 to 93,000 Jf:iltcns tnxg are E
modi fied by high mannose oligosaccharides to precursor glycoproteins uf dbout ::;-:3.‘
90,000 daltons and processed to mature glycoproteins of about 110,000 to ::V

120,000 daltons. It can be speculated that this high carbchydrate composition ,,h.,:_
is important to the function of the glycoproteins. Another relationship is 5:'.;
the presence of CV24 protein and the 100,000 dalton glycoprotein icantified by ‘.
Reggio (1984) on endosome and plasma mambranes in addition tu the lysosomal :-.:
localization, whereas the 1pgl20 Lewis et al., (1935) and LAMP-1 and LAMP-2 E:::'Ci
are restricted to lysosomes. HMoreover, the Reqggic antigen and CVI4 were found ;%:':
"

on the ruffled border plasmalemma of osteoclasts whereas the 1pgll0 was absent -::EEE
(Baron et al., 1985). It is likely that some of these glycoproteins are ::.\R
- homlogous. Unfortunately, direct imnunological comparison is difficult :?T-‘
because of the different species of origin of the antiqgens, Definitive 1-,};-:&
comparison of the proteins awaits peptide sequencing. :,::j
3
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Fig. 1 LAMP-1 and LAMP-2 are intearal membrane proteins. Hallf nalls ware o

metabolically labeled with (3% Jrethianine as dascribad in “atzrials e
: : . Y,
and Methods. The washed cells were aliquoted into saven ore-weicnad K a
. . R . . : "I
conical tubes and collected by centrifugation. Varinus 2vtractian ]
agents were added to the pellets at a ratio nf 2vtracticn agent:call N\ N
o , . o
pellet=10:1 {w/w), as follows: A, Hank's buffereg caline: 3, 1.0 @{:'
3
i
percent Triton-X-100; C, 5 mM EDTA with 3 cycles of freeza-thaw: D. S
@
1.0 KI: E, 50 mM quanidine HCL: F, 1.0 M uraa:r s G, .o narzant DA,
.‘J,-.":n
. . ; Lo N . ‘-"
Nonidet P-40. To each of these PMSF was adcen to a rinzl jnj
DA
concentration of imM. After incubation at raom temoarature rtor 20 Ain :i:f'
®
the cells were centrifuged at 100,000 x 2 ror 1 or 3t b C. Ths2 o
supernatants were dialyzed exhaustively aaxinst lysis purr2r (U.5 ;f;j
.'F-‘ ..
3 A fong . a 1 e . o . H . - : Sy - - o
percent Nonidet P-40, 5 md EDTA, 150 md Haci, 10 o Tris-nli, pd 7.9) ﬁ}ﬁ,
. . ) ®
and centrifuged at 130,000 x g for L hr at 4 C i"Tuoernatit”), The EACR
a4
e
pellets from the first 100,000 x g centrifugaticn were eatracizi g ;::.
AN
Co'd
. . . -~ . . J. S
second time with Tysis buffer andg the suspension was cantritugad at .:5:)
S @
100,000 x g. The supernatant was retained ("peilet"). 1 x 10° acid oy
- .\'_
. . ~ ‘- y
precipitable dpm of the supernatant and the pellet extracts wer2 DA
WON,
incubated with the a-ULAMP-1 or a-LAMP-2 ponoclonal antibodies and the \inﬁ
. - N o
immune complexes were processed and analyzed by SDS-PAGE as described T
‘,-.:_-_.
in Materials and Methods. iy
TN
r:.r_
Fig. 2 Biosynthetic processing of LAMP-1 and LAMP -2 in cells pulse-labeled A

L35

with Slmethionine. HaNIH cells were pulse-labeled for 5 min,

chased for the indicated tim2, and extracted and analyzed by
immunoprecipitation with anti LAMP-1 and anti-LAMP-2 monoclonal O

antibodies followed by SDS-PAGE, as described in Materials and Methods. W

T R Ry R R N Il e i Rt T o o e R R T e T i TG T e S T S R N e - - T
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L 3
’ Fig. 3 Identification of a core prezursar polvneptide in c2ils treited with
tunicamvein. HaNIH cells were preincuhatad and pulsa-libeled for 15
. . 35 o . .
min with ["“S]methionine in the preseonca (tunic) or Msence
(control) of 2 wg/ml tunicamycin (Calhincham, La Jolla, CA). The
6 . o . .
cells were extracted and 10" dpm of acid-nrecinitable radinactivity
were incubated with anti-LAMP-1 and the immumoprecinitatas wers
analyzed by SDS-PAGE as dascribad in Matarinls and Mathade,
Fig., 4 Identification of the products of nulse-labeled [ AMP-1 and {,01P-7
treated with endaglyeasidase H.  Hallll calls Tanoian ity
35 :
[27Simethionina for 5 min wera harvestad irTenirzsiv,  [ho beona
complexes obtained with anti-LAMP-1 and enti-i0iP-2 a0 s inag an
Materials and Methods were soludiiized in 40 i or = ondar (G0
M Na citrate. pH o.o, 0.1 percent SOS. 0.2 parcent g-mercastaotnanol .
and 1 mi PHUSF) by boiting for 2 min.,  Imauncorecipitaios were divided
into two equal aliguots. Two miliiunits of enadaiveosidass i
(Boeringher Mannheim, [ndianapnlis, 1) wer2 adb-d £ ane sampie dnd
both were incubaizd at 37 C for 12 hrs.  The 5r0o%:ins were analyzed by
- £ - 5 e
SDS-PAGE followed by rluorograpny. NG
g
"
ol
N
WG
. L. . . . Cery e Gy
Fig. 5 Monesin erfacts the post-transiztional nrocessing of LedP-1 and Y
.o
LAMP-2,  HaNIH and P383 cells were pulse-labeled with P
"‘"‘35“ - ::'\.
[P7S]methionine for 5 min and incubated in the presence of unlabeled Y
roe
methionine as described in the text with the exception that 0.2 to A
@
10.0 wm monensin {Calbiochem) was included in the preincubation, j;{:
Ay
. . - - . . (LS
Tabeling, and chase media. A and 3: LAP-1. C and D LAMP-2, A "o
:\:’J'-‘
. ac . . AT
and C: HaNIH cells. B and D: P3E8 cells, Control cells without o
o
- monensin were pulse-labeled for 5 min and harvested immediately {(Vanes TN
,3:3
Bt
- N v
A
-':n‘:
J‘\-l'.
LN
) v
NN AT Y

e . - o oW
e - PP v U N N L T A WO \{\\
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1) or chased for 120 min (lanes 2). Other calls wera 21l
preincubated, lzbelad for 5 min and chased for 120 min in the presenne
of differ-nt concentrations of monensin: 0.2 uM, {(lamnes 2); 0.5 i,

(lanes 4); 1.0 uM, (lanes 5); 2.0 =M. (Tanes H): 5.0 .M, (lanes 7).

The cells were extracted, immunoorecinitated and examined by SDS-PAGE,

In vivo exnression of LAMP-1 and LAMP-2, Frozen s=ctions of mouse

tissue were incubated with anti-LAMP-1 (£ 0, anti-LAMP-2 fh d), 222
(e,g), or P3x63A8 (a,c), and then processed as described in Materials
and mathods., For each tissue examined. the secticns treitad with

\ v
Nl A1gn

conirol entibodies were devoid of reaction orcguct (a.c.

4%
Y

y
of Baige-J mouse (a.b): Tudules {T) stained intensaly wnil2 alomeruii
(G) shew negligible staining. Pancreas from Beine-Jd mous2 (c.al: 710z
pancreitic acinar (pa) cells shov moderate aranuiar cytopiasmic
staining, wnile the islets of Langernans (I) stained intensa2ivy. Lar:
intestine fron 3aib/c mouse (e,f): Staining of epithaiisn cui's 0
intestinal vilii ind crypts appeared to be concentratag in the 01o:y
of the cells. Lung from Balb/c mouse (g,h): Intense intraceiiu. i
and surface staining of alvenlar macrophagas (M). Magnification =

x1000.

Immunocvtochemical localization of LAMP-1 and LAMP-2 in NIH and HahlH

cells. NIH (A,B) and HaNIH (C,D) cells were grown to 80 percent
confluency in 35-mm plastic dishes and fixed in situ with 3.0 percant
paraformaldehyde in P3S for 10 min. The cells were washed several
times with PBS followed by Dulbecco's modified Eagle's medium. They
were then incubated for 30 min at room temperature with anti-LAMP-1
(A,C) or anti-LAMP-2 (B,D) culture supernatant diluted 1:10 with PBS,
0.1 percent BSA, and 0.1 percent saponin (Sigma, St. Louis, MO). The

cells were then washed with PBS and incubated for an additional 30 min
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in P3S, 0.1 percent BSA and with 2¢fin

conjugated to rhodamine (Xirkeaard and Parry) in
and 0.1 percent saponin,
microscope equipped with epiilumination and a 100%, M.A
ob jective.
procaessed by E-6P procedure.

exposure.
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y-nurifizd aoat

Cells were phntographed using

Photographs were made with Xodak Zktachrome P20 Film

A1l photoarashs were mads at the

N=-nucleus.
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